Newly identified features:
In addition to the paleotectonic signature of magmatic-driven uplift [4, 10, 13, 15] and promontories interpreted to be associated with volcanism within VM [16] [17] , newly identified features support magmaticdriven activity as a major contributor to the geological evolution of the vast canyon system. For example, a >50km-diameter vent structure has been identified southwest of the Melas Chasma using THEMIS day time imagery (also see Dohm and Hare, this issue and Tanaka et al., this issue). This feature spatially registers with the Late Noachian (Stage 2) center identified by [13] (Fig.2) . Other features include structurallycontrolled promontories within Melas Chasma interpreted to be volcanoes using HiRISE imagery, reminiscent of volcanic fields of northern Arizona where volcanism was 50km controlled by pre-existing basement structures [18, 19] . In addition, K/Th is distinctly higher in the central part of VM than average in other regions [22] (Fig.5 ). Possible explanations include: (1) ice-magma interactions that may have led to the elevated K/Th signal or (2) the lava flow materials are intrinsically high in K/Th and thus emphasizing the compositional heterogeneity of the Martian mantle [22] . Implications: Rifting, magma withdrawal, and tension fracturing have been proposed as possible processes involved in the initiation and development of the canyons [e.g., 16]. Lucchitta and others noted that the depth of the large troughs may have been caused by (1) collapse of near-surface materials due to withdrawal of underlying material or opening of tension fractures at depth; (2) development of keystone grabens at the crest of a bulge; or (3) failure and subsequent drifting of plates [16] . Lucchitta also recognized that many of the faults associated with VM may have been associated with volcanic activity [17] . Many of these may not be mutually exclusive in the formation of vast canyon system, as indicated by key pieces of information such as the tectonic center of activity identified by [13] , the central VM rise shown by [4] , the faults that are radial and concentric about Melas Chasma, the landforms interpreted to be volcanic in origin in the canyons [16] [17] [18] , the newly identified vent structure that is spatially associated with the Stage 2 center defined by [13] , and a distinctly higher than average K/Th signature [22] . Magmatic activity along basement structures appears to be a significant contributor to the development of VM, especially during its incipient development, which may have included Tharsis-driven plume manifestations. 
